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(71) We, Thorn Automation Limited, 
a British Company of Beech Avenue, New 
Basford, Nottingham do hereby declare the 
invention, for which we pray that a patent 
5 may be granted to us, and the method by 
which is is to be performed, to be particu- 
larly described in and by the following 
statement: — 

This invention relates to cooled modules, 
10 especially but not exclusively, modules con- 
taining electrical equipment, for example, 
electronic or electro-mechanical equipment. 

In the past modules of electronic or electro- 
mechanical equipment have been mounted 
15 in racks or other suitable support means and 
in certain circumstances problems have 
arisen as a result of the build-up of heat 
which can arise while the equipment is in 
use. 

20 It is an object of the present invention to 
obviate or mitigate this problem. 

According to the present invention there 
is provided a module having a casing the 
contents of which have to be cooled, com- 

25 prising first heat transfer means arranged 
within the casing separately from components 
therein and second heat transfer means 
outside the casing and at least one heat 
pipe extending between said first and second 

30 heat transfer means, the heat pipe being arr- 
anged to permit transfer of heat from the 
first to the second heat transfer means only. 

A heat pipe is a sealed tube containing a 
small amount of liquid in equilibrium with 

35 its saturated vapour and a wick. When one 
end of the tube is heated the liquid therein 
evaporates and the excess vapour created 
is condensed at the other end of the pipe 
which is cooler. Thus fluid carries the heat, 

40 as a latent heat, from the heated end to the 
cooled end. The condensed liquid is recir- 
culated from the cooled end to the heated 
end by the capillary action of the wick and/or 
by gravity. 

45 Preferably said first and/or said second 
heat transfer means comprise finned surfaces. 
Preferably cooling fluid is forced over said 
first and/or said second heat transfer means. 



Preferably said first heat transfer means are 
enclosed in a passage through which fluid 50 
to be cooled is passed, a fan being provided 
to give this forced circulation. 

The or each heat pipe may be arranged 
at an angle to the vertical, the upper end being 
located in the second heat transfer means and 55 
the wick terminating at or near the point 
at which the heat pipe leaves the first heat 
transfer means. 

Preferably at least the first heat transfer 
means is formed by two heat transfer mem- 60 
bers each having outstanding fins formed 
integrally therewith the planar surfaces of the 
members opposite said fins being: arranged in 
abuting relationship and channels being 
formed in each of said planar surfaces whereby 65 
said heat pipe can be accommodated in the 
passage formed by the channels on abutment 
of the members. 

In an alternative embodiment the or each 
heat pipe is arranged vertically with the 70 
second heat transfer means above the first 
heat transfer means, the second heat transfer 
means comprising fins formed on the or each 
individual heat pipe. 

The casing of the module may be of double 75 
thickness and the fluid for removing heat from 
the second heat transfer means may be passed 
through the cavity between the double walls 
of the casing. 

Embodiments of the present invention 80 
will now be described by way of example 
only, with reference to the accompanying 
drawings in which: — 

Fig. 1 shows a perspective view of a module 
containing electronic components; 85 

Figs. 2, 3 and 4 show respectively, top, 
side and bottom sectional views of a module 
similar to that shown in Fig. 1 but including 
some modifications; 

Fig. 5 shows a detail of a module of the 90 
type shown in Fig. 1 ; and 

Fig. 6 shows a perspective view of another 
modified module, with the upper end of a 
heat tube thereof illustrated in detail. 

An enclosed module comprising a caing 10 95 
containing electronic equipment (not shown) 



2 



1,595,961 



2 



is provided at its rear with a heat conducting 
plate 12 to which is attached a finned first heat 
exchange member 14, the member 14 beingcast 
from some suitable alloy and having attach- 
5 ment means (not shown) for fixing it to 
the plate 12, A second finned heat exchange 
member 16 is attached to the rear of the plate 
12 on the outside of the module casing 10, 
the fins of this second heat exchange member 

10 16 and those of the first heat exchange 
member 14 running substantially vertically, 
whereby vertical gas passages are provided 
between the fins of each member. 
Thus in operation, air within the module 

15 which has been heated by heat generated in 
the electronic components circulates within 
the inodule casing which Is hermetically 
sealed > and circulating air passes between 
the fins of the first heat exchange member 14. 

20 The heat absorbed by the heat exchange 
member 14 is transferred by conduction to the 
second heat exchange menaber 16 which in 
tum is cooled by forcing a draft of cooling 
air between the fins. 

25 The heat exchange between the first and 
second heat exchange members is consider- 
aWy improved by introducing a ^lurdity 
of heat pipes 18, only one of which is shown, 
extending between the members. 

30 Figs. 2 — 4 show a modified modufe in 
^hidi the first heat exchange member 14 is 
iticorpoirated in a duct 20 at the rear of the 
module casing. The first heat exchange mem- 
ber 14 comprises two finned castings arranged 

35 with their non-finned surfaces in abuting 
relationship and vertically orientated. The 
length of the first heat exchange member 14 
is such that chambers are defined in the duct 
20 at the top and bottom thereof and the 

40 width of the first member from fin-tip to fin- 
tip is such that the member occupies the 
entire transverse width of the duct, as best 
se&n fh>m Figs. 2 to 4. 
A fcwrced circulatidin of the clean air 

45 within the module casing is achieved by 
mbains of an electrically driven fan 22 
arranged at the bottom of the duct 20. 

The back-to-back anrangement of the 
Inembets fofmiiig the first heat exchange 

50 fitember is advantageous in that it is a simple 
matter to machine chaimels in the abuting 
ftcces of the fnembers which^ on placing the 
members togeih^, fdrm passages which 
accommodate the heat pipes. 

55 R will be realised that the second heat 
^Jccfeafefe ^mber 16 can be manufactured 
from two components in a similar manner. 

In notmal Operating conditions the interior 
of the module casing is at a higher temper^ 

60 eiWre than its siitrduadiiiigs and thus heat 
16^ is outmi^s from the first to the second 
heat excMhger membet. In certain circ^UBi* 
Canoes, however, f&x example where the 
an*ieht teMpmtute is pa^tleiaarly high tiae 

65 flow of heat could be from the second heat 



exchange member to the first and the thus 
increased temperature within the module 
casing could damage the electronic com- 
ponents. 

Thus the heat pipes are arranged such that 70 
they operate in one "direction" only; in 
other words, they only allow the flow of heat 
from the first to the second heat exchange 
member. To achieve this the heat pipes 18 
are arranged, as shown in Fig. 5, at an angle 75 
to the horizontal with the lower end accom- 
modated in the first heat exchange member. 
Furthermore the wick 26 within the heat 
pipe does not extend for the entire length 
thereof but extends only over the length 80 
of the heat pipe accommodated within the 
first heat exchange member 14. 

Thus, in operation, when the internal 
temperature of the modide casing is greater 
than the external temperature, liquid within 85 
the heat pipe will evaporate and transfer 
heat to the upper end of the pipe encased with- 
in the second heat exchange member. The 
vapour will then recondense and, by gravity, 
the condenBate will return on to the wick 90 
area which will then transfer the liquid by 
capillary action and gravity to the bottom 
of the heat pipe, thus forming a closed 
circuit. If, on the other hand, the external 
temperature is greater than the internal 95 
temperature of the module casing, when heat 
is applied to the upper end of the heat pipe, 
because the wick does not extend to this 
upper end the closed loop has been "open- 
circuited" so that there is no liquid available 100 
for evaporation and transfer of latent heat, 
and thus heat is not transferred to the 
interior of the module casing except by normal 
conduction. It can be arranged that the heat 
transfer by normal conduction is mini- 105 
mised so that it does not have detriment^ 
effects On liie electronics Withift the module 
casing. 

in a modified embodiment shown in Fig. 6, 
the first heat transfer member 14, which 110 
again comprises a finned casting, is arranged 
along the top of the module casing which is 
double walled, having an internal Wall 28 
and an external wall 30 providing a cavity 
therebetween. The eJcternal wall 30 is provided 115 
with an inlet 32 to admit cooling air to the 
cavity which has an enlarged depth at the 
top thereof to accommodate the upper 
ends of one-way heat pipes 18 which are 
embedded in the first heat exchange member 120 
14. The upper ends of the heat i^pes 1-8 may 
be embedded in a further fifiined heat ex^ 
diange member {not ishown in Fig. 6) or, as 
as illustrated in Fig. 6, are {>roVide4 with a 
plurality of disc-like cooling fins 34. Outlet 125 
apertures 36 for the cooling air are provided 
in itte top -of the oater casifig 30 ^^^1Jle modute 
casing. If desired, baffles 'S8 may be provided 
ift the cavity defined by the W^s H aftd 3d 
of the module casing. 130 
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Various modifications can be made without 
departing from the scope of the invention, 
for example, the cooling fluid for the second 
heat exchanger member may comprise a 

5 liquid forced over the cooling fins. Further 
as the module casing is sealed any suitable 
gas, for example, an inert gas, may be used to 
fill the casing. 

The embodiments described above are 

10 particularly useful in aircraft applications 
in that there is no mechanical contact between 
printed circuit boards of the electronic com- 
ponents and the cooling fluid, the air or 
gas which is in direct contact with the elec- 

15 tronic components is clean, the entire module 
can be readily removed for servicing and 
maintenance, and no moving parts are necess- 
ary to enhance heat transfer between the first 
and second members. 

20 

WHAT WE CLAIM IS:— 

1. A module having a casing the contents 
of which have to be cooled, comprising 
first heat transfer means arranged within the 

25 casing separately from the components 
therein and second heat transfer means 
outside the casing and at least one heat 
pipe extending between said first and second 
heat transfer means, the heat pipe being 

30 arranged to permit transfer of heat from the 
first to the second heat transfer means only. 

2. A module as claimed in claim 1, in 
which said first and/or said second heat 
transfer means comprise finned surfaces. 

35 3. A module as claimed in claim 1 or claim 
2, in which means are provided for forcing 
cooling fluid over said first and/or said second 
heat transfer means. 

4. A module as claimed in any one of 
40 claims 1 to 3, in which said first heat transfer 

means are arranged in a passage through 
which, in use, fluid to be cooled is passed. 

5. A module as claimed in claim 4, in 



which a fan is provided to assist the passage 
of fluid to be cooled over said first heat 45 
transfer means. 

6. A module as claimed in any one of the 
preceding claims, in which the or each 
heat pipe is arranged at an angle to the hori- 
zontal, the upper end being located in the 50 
second heat transfer means and the wick 

of the heat pipe terminating at or near the 
point at which the heat pipe leaves the first 
heat transfer means. 

7. A module as claimed in any one of the 55 
preceding claims, in which at least the first 
heat transfer means is formed by two heat 
transfer members each having outstanding 
fins formed integrally therewith, planar 
surfaces of the members opposite said fins 60 
being arranged , in abutting relationship and 
channels being formed in each of said planar 
surfaces whereby the or each heat pipe is 
accommodated in a passage formed by the 
channels on abutment of the members. 65 

8. A module as claimed in any of claims 
1 to 6, in which a plurality of heat pipes are 
arranged vertically with the second heat trans- 
fer means above the first heat transfer means, 

the second heat transfer means comprising 70 
fins formed on each individual heat pipe. 

9. A module as claimed in any one of 
the preceding claims in which the casing is 
provided with double walls, means being 
provided for causing a flow of fluid for re- 75 
moving heat from the second heat transfer 
means to pass through the cavity between 
the said wdls. 

10. A module substantially as herein- 
before described with reference to Figs. 80 
and 5, Figs. 2 to 4 or Fig. 6 of the accom- 
panying drawings. 

SWINDELL & PEARSON, 
Chartered Patent Agents, 
44 Friar Gate, 
Derby DEI IDA. 
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BASIC-ABSTRACT : 

The module may include a blower which circulates 
air between the components to be cooled and a set 
of fins (14) within the module. The internal fins 
are connected to a set of external cooling fins 
(16) by a heat pipe (18) which transfers heat to 
the external fins from the internal fins. 

Cooling air may be blown over the external fins. 
The heat pipe(s) may be angled upwardly from the 
internal fins to the external fins. A number of 
embodiments vary according to the disposition of 
the internal and external fins. 

TITLE-TERMS: COOLING MODULE CONTAIN ELECTRONIC 

COMPONENT INTERNAL EXTERNAL HEAT 
TRANSFER DEVICE CONNECT PIPE 
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